Background: Many people lack access to food stores that provide healthful food. Neighborhoods with poor supermarket access have been characterized as "food deserts" (as contrast with "food oases"). This study explored factors influencing food buying practices among residents of food deserts versus food oases in the city of Boston, USA.
Background
Neighborhood differences in the local food environment have been increasingly implicated in the rising prevalence of obesity in the United States. Studies have reported an association between neighborhood food environment and obesity prevalence in the United States. Maddock [1] found a positive association between fast food restaurant density and obesity prevalence. A study by Inagami and colleagues [2] showed a higher body mass index (BMI) among those who shopped in disadvantaged neighborhoods -defined by lower sociocenomic status. Additionally, two studies by Morland et al., [3, 4] showed that obesity prevalence was lower in areas where supermarkets were located compared to areas with grocery stores or fast food restaurants. The presence of a supermarket is often viewed as the "gold standard" in food access given the lower costs, increased quantity and improved quality of food items available at chain supermarkets compared to their non-chain counterparts. Despite support for the association between supermarket access and obesity prevalence, there are neighborhoods at increased risk for diet-related health outcomes due to the absence of a supermarket. Particular attention has been paid to neighborhoods that lack a supermarket -termed "food deserts" -given the convenience that shopping locally affords residents [5] . These areas devoid of supermarkets have been described by Walker et al. [6] in a comprehensive literature review of food deserts in the United States. The review identified four thematic areas of ongoing research, including: (a) local availability of supermarkets; (b) racial/ethnic disparities in food access; (c) socioeconomic disparities in food access; and (d) differences in chain versus nonchain stores [6] . Disparities in the neighborhood food environment have prompted research exploring the impact of the local food environment on food purchasing behavior. Studies exploring the intersection between the neighborhood food environment and food purchasing behavior have showed that living in a disadvantaged neighborhood is associated with greater consumption of energy-dense foods [7, 8] . Research by Cummins and Macintyre [9] suggests that the neighborhood food environment has an independent effect on diet by influencing food buying practices. Similar findings were observed in studies that showed a positive association between proximity to a supermarket and individual diet [10, 11] and studies that found a positive association between the presence of a neighborhood supermarket and increased consumption of fruits and vegetables [12] [13] [14] . On the other hand, fewer nutrient-dense food options available at neighborhood food stores has been associated with lower consumption of these foods by local residents [15] . However, one of the challenges in this field of research is the extent to which causality can be attributed to local variations in the food environment [16] . That is, even if variations in the quality of the local food environment can be mapped on to local variations in nutritional quality and obesity prevalence, it does not necessarily prove that one caused the other. A correlation between local food environments and obesity rates could simply reflect the food preferences of residents. Alternatively, confounding by unmeasured variables may be explaining the correlations observed between food environments and obesity rates. Thus, from a supply-side perspective, grocery owners are unlikely to stock fresh produce on their shelves in neighborhoods where residents are unlikely to demand them. However, it is important to note that interactions between the neighborhood food environment, diet quality and subsequent health outcomes is multifocal in nature whereby causation involves not one pathway, but multiple pathways.
Few studies have directly examined the food preferences of residents in disadvantaged areas. Eikenberry and Smith conducted a study to identify motivators, barriers and promoters of healthy eating among select rural and urban food deserts in Minnesota [17] . Study participants expressed a lack of desire to consume fresh produce even when they were made available [18] . Similarly, Walker and colleagues found that low-income residents of a food desert did not prefer to consume fruits and vegetables due to their aftertaste [19] . While these findings are not generalizable to residents of other food deserts, it begs further exploration of the influence of food preference.
Food preferences have been described in the literature as influencing food buying and consumption practices. Locher et al., [20] explored how psychosocial factors (motivation, perceived barriers, social demographics, and dietary quality) influence food choices among homebound older adults. Findings from this study suggested that sensory factors, specifically taste and aesthetics, were primary motivators involved in food choice [20, 21] . Other studies have explored how cultural attitudes [22] and perceptions of healthy eating and the food environment influence food choice [23, 24] . These studies indicated that taste, texture, and appearance were more important for food choices than nutritional content [22] . This evidence supports the argument that food preference is a strong predictor of food consumption and can serve to promote (or deter) healthy eating.
In addition to food preferences being strong predictors in food buying and consumption practices, consumers often express a preference for type of store patronized. Many paramount studies exploring consumer food shopping behavior have identified factors including location, variety of goods, store loyalty and store policies as reasons why a particular store was patronized over another [25] [26] [27] . In the case of neighborhood convenience and corner stores, it is believed that clerk personality and established friendships between store owners and patrons foster store loyalty [25] . This is especially salient in neighborhoods where chain supermarkets are not located. The implication is that residents of these neighborhoods without a supermarket may view the role of the independent store as an anchor within the community thereby encouraging patronage. Subsequently, the food items available within these stores are important for considering food purchasing and consumption behaviors.
Given the influence the neighborhood food environment has on food buying practices among local residents, we sought to explore factors influencing food buying practices among low-income residents with differential supermarket access in the present study. We conducted a mixed-method approach based on concept mapping [28, 29] to ascertain the food purchasing practices and preferences of two contrasting neighborhoods in the city of Boston, MA. We hypothesized that differences in food buying practices and food preferences would be identified based on residing in a neighborhood categorized a food desert compared to a food oasis.
Methods
The geographic unit of analysis for this study was the zip code, which served as our model of a neighborhood. Zip codes in the United States do not represent a geographical area, per se, but are a network of roads and addresses used for the purpose of mail delivery [30, 31] . Therefore, there is great variability in the size of a zip code. For example, Grubesic [30] reported an average zip code size in the state of Wyoming to be 1,430 square kilometers (km 2 ) compared to 12.8 km 2 for an average zip code size in the state of New Jersey. Despite this variability, zip codes are frequently used as the unit of analysis in research given their geographical context [30] . We selected four zip codes for the study -two characterized as food deserts and two as food oases. The average land area for the food deserts was 8.0 km 2 (3.1 square miles) compared to 3.6 km 2 (1.4 square miles) for the food oases [32] . We defined a food desert as a zip code that does not have a chain supermarket within 0.5 miles of the center of the zip code. Conversely, we defined a food oasis as a zip code that does have a chain supermarket within 0.5 miles of the center of the zip code. The definition of the buffer zone is consistent with the literature, with 0.5 miles commonly perceived as a reasonable walking distance for an adult to carry home bags of groceries [33] . To identify Boston zip codes selected for the study, two approaches were used. First, we examined the online yellow pages (www.yellowpages. com) to identify zip codes that do not have supermarket access. This is consistent with other studies that utilized yellow pages to identify resources in proximity to a specific unit of area [34, 35] . Second, we examined U.S. census data to characterize each zip code based on median household income. The selected zip codes had some of the lowest median household incomes for the city of Boston. We matched the selected food deserts with comparable food oases on various demographic characteristics including median household income, age, race/ ethnicity, and educational attainment.
Recruitment
We placed advertisements in popular print and online newspapers. Print advertisements ran on three nonconsecutive days over a period of 3 weeks. Online advertisements appeared continuously for a period of three weeks. The advertisement included the zip codes of interest and a phone number that potential participants were asked to call for additional information. Participants were expected to meet three inclusion criteria: 1. At least 18 years of age; 2. A current resident of one of the study zip codes; and 3. A resident of the zip code for the previous 12 months. If all inclusion criteria were met and the potential participant was interested in participating in the study, a consent form was mailed for review prior to the start of the study. The study was approved by the Institutional Review Board of the Harvard School of Public Health.
Concept mapping methodology
Concept mapping is a mixed methods approach originally used in program evaluation [36] but has since been used in the social sciences for examining other complex phenomena. Concept mapping studies have explored a variety of topic areas including the relationship between neighborhoods and mental health [37] and perceptions of neighborhood influences on health among immigrant populations [38] . The concept mapping process includes six steps: 1) Preparation, 2) Brainstorming, 3) Sorting and rating, 4) Data Analysis, 5) Interpretation, and 6) Utilization of concept maps. The concept mapping process has been extensively described in the literature [29, 35, 39, 40] . For this study, the six steps of the concept mapping process occurred over a period of three nonconsecutive days. We conducted three concept mapping sessions in each of the four zip codes with the same participants in each session. Since each session built on the participant discussions during the previous sessions, we asked participants to attend all three sessions conducted in their respective zip code. Sixty-seven participants completed the concept mapping process. There was no loss to follow-up over the three sessions. Thirty-five participants were residents of the food desert and 32 from the food oasis.
Day 1: Brainstorming Session -During this 2 h session, we asked participants to freely generate words or short phrases in response to the focus statement: "What things, good or bad, influence your food buying practices?" We defined the phrase "food buying practices" as "where you buy food, the types of food you buy, and when you buy food." Participants responded to the focus statement using a round-robin approach. After an exhaustive list was generated, participants went through the list to consolidate statements they thought were too similar or overlapping. For example, participants consolidated the statements "billboards" and "food advertisement" into the statement "advertisements." Participants received a $20 gift card for completing this session.
Day 2: Sorting and Rating Session -Participants returned for the second session 3 weeks after the first concept mapping session (brainstorming session). Each participant received a stack of note cards with a unique statement generated during the previous brainstorming session written on each card. Participants worked independently to sort the cards into piles that "make sense to you." After sorting the cards, participants assigned each pile a label or name that represented the contents of the pile. For example, one participant may have sorted the statements "fuel perks (gas discount)," "what stores are near where I live," "T-Accessible (public transportation)," and "gypsy cabs (unlicensed taxis)" into the same pile and labeled the pile "Transportation." A second activity was to rate how important each statement was to influencing food buying practices according to a Likert scale (1 = not at all important to 5 = extremely important). Participants received a $25 gift card for completing this session.
Day 3: Interpretation Session -Two weeks after the second concept mapping session, the same participants returned to interpret the concept maps generated in the second session. In small groups, participants were given flip chart paper and markers and asked to diagram how the statements generated within a cluster influenced food buying practices. In other words, participants were asked to generate a visual depiction of how the statements influenced food buying practices. Participants received a $30 gift card for completing this session. For attending all three sessions, participants received a total of $75 in gift cards.
Data analysis
We undertook three main analyses. First, we entered results from the sorting and rating step into specialized software, Concept Systems, Inc. [41] for analysis. A benefit to using Concept Systems software is that data are entered and analyzed in real time while participants complete other study activities. The second analysis utilized multidimensional scaling which took individual data across all participants and using a similarity matrix noted similarities and dissimilarities in how the data were sorted. An aggregate group product was produced in the form of a point map. A point map visually depicts how each statement was sorted with respect to the other statements for the entire group thereby incorporating each participant's sort data. Each point on the point map represents one of the unique statements generated during the brainstorming session. Points that are in close proximity were sorted more frequently by participants compared to points that are further apart.
The third analysis, hierarchical cluster analysis, partitioned the point map into clusters representing unique concepts or ideas. The final number of clusters selected was identified by participants as the appropriate number of clusters that represented their perceptions of factors that influence their food buying practices. Another type of concept map produced, a pattern match, is a ladder graph representation that allows comparisons to be made between groups. A horizontal rung of the ladder corresponds to a perfect correlation between the two groups being compared. For this study, a comparison was made between participants of the food desert and participants of the food oasis. A Pearson product-moment correlation was calculated to represent the correlation between the two groups.
Results

Participant characteristics
The sample consisted of 67 participants. The median age was 47 years. The sample was predominantly female (56.7%) and African American (67.2%). More than half of the sample did not own a personal car and found it difficult to find a ride (52.2%). Table 1 displays additional participant characteristics.
The two food deserts generated 110 and 182 unique or non-overlapping statements. The two food oases generated 147 and 171 unique statements. All of the statements generated from the four groups were combined into one list. Participants engaged in a process of removing duplicate entries and consolidating similar statements to generate a final master list. The final master list included 163 unique or non-overlapping statements. Examples of unique statements included in the final master list were "appearance of food," "brand names," "ease of theft," "microwaveable foods" and "preference." The 163 statements were partitioned into 8 clusters. Participants were initially presented with a 12 cluster solution map. Participants stated that the 12 clusters, or unique concepts were overlapping and did not accurately reflect their perceptions. After using the specialized software to decrease the number of clusters, we presented a final 8 cluster solution map agreed upon and named by participants. Figure 1 illustrates the point cluster map with the names of each cluster given by participants. Statement numbers represented as points on the map presented in Figure 1 can be linked to Table 2 to identify the exact statement name. Overlapping points on the map illustrate areas with a high degree of agreement in participant perceptions of the relationship between statements. It may appear that specific statements do not fit into a certain cluster. Two explanations can be offered to address this seemingly inconsistency. First, the way participants perceived the statement influenced how the statements were sorted together. Second, statements participants perceived as not fitting nicely into one pile may have been sorted with other statements that were considered "leftovers." However, it is important to note that a spanning analysis, a type of analysis used to identify how statements were sorted relative to other statements, were performed to explore these inconsistencies. The results (figures not shown) suggest that participants were consistent in how these statements were sorted, thereby suggesting a perspective based on lived experiences outside the understanding of the researchers.
Average cluster and statement ratings
Participants rated how important each statement was to influencing food buying practices on a scale of 1 (not at all important) to 5 (extremely important) during the sorting and rating step of the concept mapping process. Table 2 outlines the average statement and cluster ratings. The table is organized by cluster with the cluster name in bold type. Underneath each cluster label are the statements that comprised that cluster. The number besides each statement label (in parenthesis) represents the statement number that can be used to link each statement with the location on the point cluster map (Figure 1 ). The two columns next to the cluster label and corresponding statements present the average cluster ratings for participants of the food deserts and food oases. In other words, these columns present the degree of importance of each statement in influencing food buying practices. Ratings were then grouped into tertiles. Tertile values are based on the degree to which each statement influenced food buying practices and designated as low (1.29-2.50), moderate (2.51-3.72) and high (3.73-4.93). For example, the cluster Health Consciousness received an average rating of 3.71 (moderately important for influencing food buying practices) for food desert participants and 4.07 (highly important for influencing food buying practices) for food oasis participants. Overall, the average cluster ratings were similar for residents of the food deserts and food oases. The clusters Health Consciousness, Personal Decisions and Shopping Concerns, were rated higher by participants from the food oases compared to residents of the food deserts. This suggests that food oasis participants perceived the statements within these clusters as more important to influencing food buying practices compared to residents of the food deserts. Figure 2 presents a pattern match, a ladder graph representation which illustrates differences in average cluster ratings between food desert and food oasis participants. The vertical black line on the left represents average cluster ratings for food desert participants. The vertical black line on the right represents average cluster ratings for food oasis participants. The 3.07 at the bottom of this line and the 4.2 at the top represent the lowest and highest cluster ratings respectively. These ratings reflect the possible 1 (not at all important) to 5 (extremely important) rating scale participants used to assess how important each statement and subsequent cluster was to influencing food buying practices.
A horizontal rung of the ladder depicts a perfect correlation between the food desert and oasis groups, nearly seen with the cluster Corner Convenience. The cluster rating by food desert participants was 4.10 and 4.20 by food oasis participants (ratings not shown). This suggests that both groups perceive the statements within the cluster Corner Convenience similarly and as being extremely important to influencing food buying practices. Although the pattern match illustrates similar cluster ratings between the two groups, the average cluster ratings for the food oasis participants were slightly higher. The average cluster ratings and rankings are presented in Table 3 . Not only were average cluster ratings similar, but 6 of the 8 clusters have the same rankings for both groups. This finding suggests that both groups perceive the relative order and the degree of importance of each cluster similarly. The Pearson product moment correlation of r = 0.93 at the bottom of the figure represents the correlation between average cluster ratings for all clusters for food desert and food oasis participants. In other words, the correlation of 0.93 suggests that the average cluster ratings are highly correlated between the two groups. Statements generated by both food desert and food oasis participants were noted. Examples included "buy in bulk," "cravings," "farmer's markets," "family influence," "organic foods," "quality," "rodents are common around food," "store cleanliness," "taste," "store hours," "food pantries," and "able to buy ethnic foods." However, few statements unique to each group were documented. Examples of statements unique to food desert participants were "pets need to eat," "how much I can carry," "making food stretch," "food recalls," and "labels." Unique statements generated by residents from the food oases included "crime," "ease of theft," "use of food with medications," "24 h stores," "dollar menus," and "long lines."
Cluster interpretation
The interpretation step of the concept mapping process involved delving deeper into how statements within a cluster were related to each other and how they related back to the focus statement of influencing food buying practices. Participants were divided into smaller groups of 3-4 people and asked to diagram the pathways in which statements within a cluster influence food buying practices. Small groups were asked to illustrate visually how the statements were inter-related. One group diagramed the statements being related using a flow chart. Another group used shapes such as arrows, circles and squares, in a feedback loop, to illustrate how they perceived the clusters being related in influencing food buying practices. The clusters Corner Convenience (Figure 3 ) and Time Factors (Figure 4) were selected for interpretation. Clusters that comprise statements that were not easily understood were selected for the in-depth explanation.
Corner convenience
Corner Convenience was the highest rated cluster for both food desert and food oasis participants. Food desert participants emphasized the statement "one stop shopping" as the central statement within the cluster Corner Convenience. As this group stated: "One stop shopping is important for a group that is missing here, which are men. Guys usually just go to the supermarket and get everything they need, and they don't generally go to farmer's markets or specialty stores unless they have to buy a birthday cake or something like that. Even then they go to supermarkets." While the statement "one-stop shopping" was described as being the key factor during the interpretation step, this was not reflected in the average statement ratings. "One-stop shopping" was one of two statements within the cluster perceived as moderately important to influencing food buying practices by residents of the food desert. The other 12 statements within the cluster were perceived as being extremely important to influencing food buying practices. In other words, average statement ratings showed statements such as "sales," "discount card," "bargains," and "availability of food" as more important than the notion of "one-stop shopping."
Time factors
The cluster Time Factors was the fifth highest rated cluster for food desert participants and the sixth highest rated cluster among food oasis participants. Residents of the food oasis focused on the statement "television" as the key factor in how the statements within the cluster Time Factors influence food buying practices. This group explained:
"Advertising always embeds thoughts into your mind. It's like Doritos and Popeyes [Chicken] sometimes advertise and that gets stuck in your head. I know that's not healthy eating, but I have a craving for it thanks to my television and the advertising companies behind it." Figure 4 illustrates how select food oasis participants perceive the inter-relationship between the statements that comprise the cluster Time Factors and how the statements contribute to the consumption of unhealthy foods.
Discussion
In this study, we explored factors influencing food buying practices among residents of food deserts and oases in Boston. We identified a range of factors that influenced food buying practices, determined the inter-relationship of each factor, and illustrated the pathways. As noted in the Results section, few statements unique to each group (food desert versus food oasis) were identified. Our findings also suggest that few differences in food buying practices among study participants exist regardless of food desert status. One difference was presented by participants residing in the food deserts who explained the statement "how much I can carry." Participants expressed restrictions in the quantity of food purchased due to the inability to carry heavy bags. Participants explained a reliance on public transportation and difficulty carrying bags on trains and buses and having to walk home from bus stops. Another difference is in the explanation of the statement "24-hour stores" generated by participants in the food oases. Participants described how the presence of 24-hour stores in their neighborhoods influences food buying practices. Participants who were shift workers described purchasing food from these venues after work as these are the only establishments open in their neighborhood. The purchased food was inevitably energy dense given the availability of nutrient rich foods offered at convenience stores and fast food restaurant drive-throughs [a type of service that allows customers to obtain food without leaving their vehicle] that are open 24-hours each day in the selected neighborhoods.
A novel statement identified that has not been described extensively in the literature was "making food stretch." Participants of the food deserts described how their desire and intent to make food last longer influenced their food buying practices. For example, some participants received only one paycheck per month, leading to food purchasing on a monthly basis. They bought items that could be broken down into smaller quantities (e.g. packaged meat) for multiple meals, modified by watering down (e.g. sauces), or supplemented by food pantry items.
Another behavior that is not discussed widely in the literature pertains to the statements "crime" and "ease of theft." These statements, identified by participants in the food oases, were mentioned in the context of fights that erupt in the stores while shopping, crime within neighborhoods, and weighing the risks of stealing when there is not enough money or food vouchers to obtain food. Participants stated that at some supermarkets, patrons could steal up to $250 without being arrested if caught. The disclaimer was that a patron would be arrested if found on the premises after being caught stealing. This was discussed as a viable option for those willing to take the risk.
Existing studies have used either quantitative or qualitative methods to explore facilitators and barriers to healthy eating and food choice. Examples of statements identified that are consistent with those documented in the literature pertained to convenience of getting to the store, store hours, and one-stop shopping [42] ; utilizing coupons, or discount vouchers, to defray the cost of a food item [19] , having a fixed income has been cited extensively as a factor involved in food buying practices [43] ; availability of food [44] ; cost of food [17, 23] ; and transportation options to and from food stores [45, 46] .
Our findings are in contrast to a study previously conducted by Walker et al. in Pittsburgh, PA [19] . Findings from this study showed that compared to residents of a food oasis, residents of a food desert perceived some factors as more important to influencing food buying practices. The types of factors identified by food desert participants included survival, mental health, and macrolevel factors for food desert participants. Food oasis participants uniquely identified conveniences of the food environment and available social service resources [19] .
By contrast in Boston, we found few differences in perceptions of factors influencing food buying practices according to food desert status as shown with the pattern match and average cluster ratings (Figure 2 ). This suggests that food purchasing preferences are similar among residents of low income neighborhoods in Boston irrespective of neighborhood-level access to a supermarket. Additionally, food desert and food oasis participants focused on the importance of emergency food assistance programs. This is consistent to findings from Eikenberry and Smith who found that a promoter of healthy eating among low-income residents was the utilization of federal or local food assistance programs [17] . In our study, participants from both the food deserts and oases used emergency food assistance programs regularly. Participants outlined how they navigated the system of frequenting food pantries and soup kitchens daily. The high dependence and utilization (64.4% of participants) of these resources may account for the observed similarities in average cluster ratings and high correlation coefficient (r = 0.93) However, it can be argued that daily use is no longer considered "emergency" services, but rather chronic use of these resources. Additional studies are needed to implement and evaluate successful city-specific programs that minimize the effects of poor food access to determine how these programs can be adapted to other cities.
A strength of this study was the use of Concept Mapping as the methodology, which is an innovative mixed methods approach to assess residents' preferences and perceptions. Unlike other qualitative methods such as focus groups or in-depth interviews, concept mapping allows for the inter-relationships between statements to be identified and quantified. These relationships can be used for further theorizing how different factors play a role in influencing food buying practices. A second strength of this study is that we incorporated 4 low-income neighborhoods in a large, urban city.
Limitations of this study were similar to limitations found in qualitative studies, specifically sample size and generalizability. With 67 participants in the study, we are unable to generalize to other food deserts or non low-income food deserts. However, our goal was not to generalize, but to explore perceptions of factors influencing food buying practices so that hypotheses could be generated. Defining a food desert as an area without a supermarket within 0.5 miles of the center of the zip code presents another limitation. Using this definition, a participant could reside in a food desert but live within 0.5 miles of a supermarket in an adjacent zip code, thereby having access to a supermarket. Given the limited resources for this study, we were unable to assess for each potential participant individualized measures of access during participant recruitment. This enhanced method may prove beneficial in a future study. Improved techniques for characterizing areas with differential supermarket access is warranted to provide better agreement in the literature on what constitutes a food desert.
Conclusions
This study sought to explore food buying practices among low-income residents with differential supermarket access. City-specific measures offered through social service agencies may improve access to foods for residents with poor supermarket access. As a result, food buying practices between residents with and without supermarket access may appear similar. Understanding the availability and utilization of resources within a city that are potentially beneficial to improving food access can help in identifying policies and interventions that can be developed to ultimately promote healthy eating practices.
